Red pandas (Ailurus fulgens) live in the dense forests of mid-hills of the Himalaya and feed almost exclusively on bamboo. They are vulnerable to extinction due to human induced disturbances. Habitat loss, degradation and fragmentation along with poaching are the most pressing anthropogenic threats to red panda conservation. The extinction risk to red pandas is further compounded by their life history traits. However, there is a paucity of information regarding human impact on red panda habitats. We have used presence and absence data collected from entire red panda range in Nepal, including habitat both inside and outside the Protected Areas (PAs) to examine the impact of human disturbance on their distribution. Our findings indicate that red panda prefer less disturbed habitats but will occupy human disturbed areas. Signs of poaching and cattle trails were significantly associated with red panda presence throughout Nepal while livestock faeces and landslides were negatively associated. Plant disturbance, presence of solid waste and proximity to herders' shed were significantly associated with presence of red panda in PAs whereas landslides and livestock faeces were significant disturbance variables outside the PAs. The findings show that red panda habitats are invariably disturbed and that integrated conservation programs such as awareness, livelihood support that reduces human dependency on forests, and regulations are must.
Introduction
The red panda (Ailurus fulgens Cuvier, 1825) occurs in subalpine areas of Nepal, India, Bhutan, Myanmar and China within a preferred altitudinal range of 2300e4000 m (Glatston et al., 2015) . They inhabit temperate broadleaf forests with a bamboo understory. In Nepal, red pandas are documented in 23 districts with the majority of habitat falling outside the PA networks within the available potential habitat of 23,977 km 2 (MoFSC, 2016) . The red panda is listed as endangered in the IUCN Red
Data Book and is included on Appendix I in CITES (Glatston et al., 2015) . It is protected by law in its all range countries, including in Nepal, by the National Parks and Wildlife Conservation Act (1973) .
À Does the red panda respond equally or at different level to various human disturbance variables? À How does the red panda respond to human disturbances within and outside the Protected Areas (PAs)?
Methods

Study area and sampling design
Based on the previously available red panda presence data (Bista et al., 2017a; Kandel et al., 2015; Bhatta et al., 2014) and environmental parameters including 23 environmental variables (19 bioclimatic variables, altitude, slope, aspect, and land cover), Maximum Entropy Modeling eMaxEnt (Phillips et al., 2006) helped us identify potential red panda habitats (MaxEnt version, 3.3 .3 k) (Bista et al., 2017a) . The predictive distribution model developed in MaxEnt at the Area Under Curve (AUC) value of 0.926 was considered the potential red panda habitat. Thus, identified potential habitat was overlaid with grids of 9.6 km 2 , which is equivalent to maximum home range of red panda reported in Langtang National Park (Fox et al., 1996) . Grid cells with more than 50% area suitable habitat were considered for random sampling. We randomly selected 50% of the suitable grid cells and overlaid each with 6 sub-grids (area ¼ 1.6 km 2 ). We selected 3 grids randomly as sampling sites (MoFSC, 2015) and a total of 557 sub-grids were sampled across the entire habitat. All existing transects, with an average of three to five transects, each ranging from 500 m to 1000 m in length were traversed at an interval of 100 m contour available within a sub-grid. GPS coordinates of start and end points of all available transects within a sampling sub-grid were sorted out and loaded in GPS to ease tracking in field. In each transect, the presence or absence of red pandas was determined in a circular plot with radius of 10 m (hereafter referred to as the sampling plot) at start point and successive intervals of 500 m. Presence was indicated by direct sighting or by observation of indirect signs such as droppings, paw prints, foraging signs, scratch marks or remains of a dead animal. Human disturbance variables were also recorded ( Table 1 ). The first seven of these variables number of tree logs, tree stumps and lopped trees, livestock droppings, human tracks, cattle trails and dumped solid waste were recorded in each plot together with the distance to the nearest livestock herding station and settlement. It would be unrealistic to expect some variables such as poaching signs and landslides to be observed within the sampling plot so we recorded these variables while walking the transects and visually inspecting 25 m either side. We argue that both of poaching signs and landslides are attributable to the landscape activity, and therefore indices of poaching and landslides along 500 m of transect walk were considered as representative of corresponding sampling plot.
We surveyed a total of 2935 sampling plots in the entire study area these included 1006 plots within 10 different PAs and 1929 plots outside the PAs (Fig. 1) .
We walked a total of a 1451 km along transects. It took a total of 6730 h and involved 40 field biologists, each accompanied by two assistants to complete the work. This field work was carried out in June, July and October 2016.
Data analysis
We tested multicollinearity problems among predictors in model with the variance inflation factor (VIF) of each predictor using the usdm package (Naimi, 2015) in R (R Core Team, 2015) . A VIF value greater than 10 was regarded as strong multicollinearity (Montgomery et al., 2012) . Our analysis suggested that no pairs of the seven input variables were problematically correlated. The input variable 'distance to livestock herding station' was excluded in the VIF test as it was ordinal variable. We computed mean and standard error of each disturbance variables in presence and absence plots and in PAs and non PAs. We used a one-way ANOVA to test whether there was a significance difference between means of disturbance variables in red panda presence and absence locations. To explore whether human disturbance variables had an influence on red panda presence locations, we fitted a Generalized Linear Model (GLM) with binomial family.
To test the response of red panda to human disturbance variables, we fitted GLM with a binomial error distribution and used the binary response (red panda presence and absence) as response variable and human disturbance variables as predictors. We ran three separate GLMs for (a) protected area network, (b) non-protected areas and (c) combining both protected area and non-protected areas. The PAs are considered as a cornerstone for effective wildlife conservation (Shrestha, 1996) . However, Nepal's protected areas are under threat from encroachment, poaching, grazing, recreation and other human activities. Therefore, it is essential to evaluate their effectiveness (Nepali, 2006) . We simultaneously used ANOVA to compare means of disturbance variables between red panda presence and absence locations, and logistic regression to examine whether independent disturbance variables have any effect on probability of red panda presence. We argue that such analyses can help examine whether red pandas are better secured in protected areas and determine if national average differ from both protected areas and non-protected areas. We carried out all analyses using R statistical analysis software (R Development Team, 2015) .
Results
We found a total of 601 (155 plots in PAs and 446 plots outside the PAs) plots with signs of red panda presence. We found at least one sign out of eight human disturbance signs in 88% of plots. There were variations in categories of disturbance in the sampled locations; plant disturbance (72%), cattle trail (54%), human tracks (39%), livestock droppings (27%), landslide (22%), solid waste (17%) and poaching signs (13%) (Fig. 2) .
Our initial comparisons of disturbance variables between protected areas and outside and between red panda presence and absence locations using one-way ANOVA showed that there were significant differences between the occurrence of human disturbance within the PA network and outside those areas with the exception of cattle trails (P ¼ 0.09), proximity to settlements (P ¼ 0.07) and solid waste (P ¼ 0.17) (Fig. 3a) .
Average plant disturbance was significantly higher outside PAs (n ¼ 4.770) than inside them (n ¼ 2.918) (F ¼ 131.34, P < 0.001). Red panda presence locations were also significantly lower in plots with plant disturbance than those without (F ¼ 72.96, P < 0.001, and Fig. 3b ). Livestock droppings were significantly higher in plots where red pandas were recorded than in plots where they were absent (F ¼ 4.679, P ¼ 0.03) even though PAs had significantly less livestock droppings than the habitat outside PAs (F ¼ 37.38, P < 0.0001). Poaching signs were also significantly higher outside the PAs (F ¼ 12.43, p ¼ 0.004) and in plots where red pandas were absent (F ¼ 10.86, P ¼ 0.001). Human tracks were more common in areas where red pandas were present (F ¼ 5.58, P ¼ 0.01) and in PAs (F ¼ 5.08, P ¼ 0.08). Areas affected by landslides also demonstrated a similar pattern with higher occurrence inside the PAs (F ¼ 46.11, p < 0.001) and in locations where red pandas were present (F ¼ 46.48, p < 0.001). Interestingly, the red panda presence locations were found in proximity to the settlement (F ¼ 13.51, p < 0.0001) where the quantity of solid waste was recorded to be comparatively higher than in the absence locations (F ¼ 20.206, p < 0.001). Results of the binary logistic regression showed that wildlife poaching signs and cattle trails were positively, and livestock droppings and human tracks were negatively associated with red panda presence in the entire red panda range in Nepal. Odd Ratio (OR) further indicated livestock droppings had the strongest negative impact (OR ¼ 0.903) followed by landslides (OR ¼ 0.738) and human trails (OR ¼ 418) in red panda distribution (Table 2) . Interestingly, areas which had hunting incidents were positively associated with presence of red panda. However, poaching and livestock droppings were not significantly associated with the red panda presence in the PA network (Table 3 ). The model suggested that the red panda avoided disturbed forest (OR ¼ 0.915), and areas with solid waste (OR ¼ 0.231), and areas near human tracks (OR ¼ 0.557) and livestock herding stations (OR ¼ 0.52). Cattle trails and landslides were positively associated with red panda occurrence. Observation outside the PAs was slightly different as the red panda showed positive association with disturbed vegetation, wildlife poaching location, cattle trails and solid waste whereas livestock droppings, human tracks and landslides were negatively associated. The level of impact of these last three disturbances followed the trend that was observed in the entire red panda range in Nepal (Table 4) . 
Discussion
In general, our results indicate that the red panda prefers less disturbed habitats. There are, however, considerable variations in response to disturbance variables in the red panda presence locations. The means of disturbance variables in sampling plots outside PA (e.g., plant disturbance, livestock dropping, poaching) were significantly higher than those of inside PA. At the same time, number of landslides was significantly high in PA. All disturbance variables except of plant disturbance and poaching signs, were significantly higher in the presence locations. However, distribution variables responded differently in predicting presence of red panda in PA, outside PA and throughout country. Since disturbance variables were observed in nearly 88% sampled plots, association of disturbance variables in predicting red panda presence in the logistic models needs a careful and cautious interpretation.
Red panda presence was positively associated with disturbed forests outside the PAs with negative association inside the PAs. The attraction of red pandas and humans towards similar environments, e.g., moderately sloped areas with an abundance of bamboo, could be a reason for this positive association of red pandas' presence outside the PAs in the comparatively disturbed forest. It may be the result of controlled access to forests for firewood and fodder collection in the PA system. However, there is a need for further research to shed light on the effectiveness of PAs in conserving red pandas.
Livestock droppings were negatively associated with the presence of red pandas throughout their range and in nonprotected areas, whereas it was a positive predictor of red panda presence in PAs. This is a very unusual result, but we offer strong support of such a pattern. Much of red pandas' habitats fall outside PAs, but they are limited to small forest patches far from human settlements due to the double impact of wildlife hunting and unsustainable forest harvesting (Dendup, 2016) . This finding is comparable to the results of Panthi et al. (2017) , who concluded that habitat with anthropogenic disturbances were less likely to be occupied with red pandas. However, mountain PAs are better protected, but subsistence agriculture with livestock herding is a major source of livelihood of people living here. An average of the closest distance between the red panda presence sites and human settlements has been found to be 0.197 ± 0.010 km which is no distance at all for the local inhabitants and their livestock. Bista et al. (2017b) , had also reported that areas of human settlements with livestock herding practices were unsuitable habitats for red pandas. Beyschlag et al. (2008) reiterated that small-scale disturbances due to trampling at an intermediate frequency benefit plant regeneration, which accentuates our findings for red panda association with livestock droppings inside the PAs. Positive association of red panda presence with cattle trails was observed in the entire red panda habitat and PAs, which could be attributed to the preference for similar micro-habitat conditions, with different layers of vegetation for foraging. Livestock forage primarily on bamboo leaves at <1 m level and red pandas above 1 m (Yonzon and Hunter, 1991b) , which minimizes the competition for resources. Interestingly, poaching signs were positively significant in both the entire habitat and outside the PAs. It was nonsignificant with negative association in PAs. Out of the total 23,977 km 2 of available potential habitat, nearly 70% of the total habitat lies outside the PA network (Bista et al., 2017a; MoFSC, 2016; Bista and Paudel, 2014) with easy access to locals who are highly dependent on forest resources for their subsistence livelihood. Record of red panda presence from disturbed sites in terms of increasing poaching activities, presence of livestock droppings and solid wastes also reflect easy human access to those sites. Dorji et al. (2011) had also reported similar observations in Bhutan. Hunting activities are frequent in the high-mountain regions of Nepal, which may be why poaching signs are recorded frequently outside the PAs (Paudel, 2012) . Hunting is uncommon inside the PAs because of the strict regulations that are in place here. The red panda is rarely targeted by the poachers but is accidentally caught in traps set for other species, such as barking deer, musk deer, wild boar, serow, Himalayan black bear and various pheasants (Choudhury, 2001 ). This might be another reason why red pandas' presence has been observed to be positively associated with poaching throughout its entire habitat range in Nepal and the habitat outside the PAs. This observation is consistent with the findings of Panthi et al. (2017) . However, most of the studies (Bista et al., 2017a; Zhang et al., 2017; Dendup, 2016; Sharma et al., 2014a; Dorji et al., 2011) have reported poaching, along with disturbed forest and cattle trails as the major disturbance factors for red panda presence. The distribution of the red panda was negatively associated with landslides outside the PAs but was positively associated inside the PAs. The positive association between the red panda and landslides within PAs may be related to the massive earthquake and aftershocks that jolted Nepal on 25 April 2015 and triggered at least 25,000 landslides throughout the steep Himalayan Mountains in central Nepal. Out of seven PAs with confirmed red panda presence, Langtang National Park and Gaurishankar Conservation Area were reported to have extensive landslides (Kargel et al., 2016) . Negative association of red panda presence with landslides outside of the PAs could be due to the fact that suitable red pandas' habitats outside of PAs were not hit by earthquakes, as the majority of habitat in earthquake impact zones falls within the protected area system in Central Nepal. However, landslides are likely to be major problems in the future due to infrastructure development, deforestation and other natural disasters. The red panda range area is likely to be affected by developmental activities in the future as their preferred habitat with gentle to steep slopes is more susceptible to landslides (Dorji et al., 2012; Zhang et al., 2008) .
Landslides are reported to be threatening the survival in China of a sympatric species, the giant panda, due to loss of habitat, food and fragmentation. Zheng et al. (2012) reported similar results in the Wolong Nature Reserve in Sichuan, China where an earthquake (May 2008) triggered a landslide that destroyed 354 km 2 of giant panda habitat. Wang and Li (2008) reported that the earthquake damaged 32.15% of giant panda habitat due to fragmentation in the Longxi-Hongkou National Nature Reserve. Our study indicated moderate littering appearing to be negatively associated with red pandas' presence within the PAs. The mountain areas where the red panda resides are predominantly PAs which are entry points for high altitude trekking in Nepal. Trekking routes and roads passing across the red panda habitat are also prevalent outside the PAs. Hiking, camping, wildlife tracking, and other forms of non-consumptive recreation are on the rise, particularly in those PAs in the mountains (Nepal, 2002) . As stated by Manfredi et al. (2010) in Sagarmatha National Park and Buffer Zone (Nepal) litter provides a great hazard to environmental and human health and deters animals. Garbage deriving from tourist activities is likely to be disastrous to red pandas and other associated wildlife as this rubbish could not only be the source of disease but also may lead to fatal choking on plastics and the like (Bista et al., 2017a) .
This study indicates, red pandas may respond in different ways to increased disturbances which is likely associated with their biological traits (e.g., life history strategy and diet). Red pandas' preference was observed to be positively associated with moderately disturbed forests in general as well as non-protected forests. An average distance of the red panda presence location with the human settlement was recorded at 0.183 ± 0.016 km in the PAs while the presence signs were recorded a bit farther 0.189 ± 0.011 km outside the PAs. This could be attributed to the smaller number of human settlements and comparatively more organized herding activities, resulting in less disturbance within the PA systems than outside.
Human tracks were the only variables that displayed a negative association with red panda presence in all three scenarios. The tracks act as barrier to animal movement, and the area is likely to remain disturbed with a frequent flow of people. In addition, the habitat around the trail is of comparatively poorer quality than an ideal habitat. Ciuti et al. (2012) have also reported similar effects of human disturbance (e.g., hiking) on elk behavior exceeding those of habitat and natural predators in Canada. These might be the reasons why red pandas have avoided human tracks. This finding reinforces the need for specific trails to be used by local people and visitors rather than allowing them to haphazardly walk inside the forest.
This study shows that PAs are less disturbed than Non-PA, but presence locations are no less disturbed than absence zones. This may be the result of inadequate protection of red panda habitat in the PA network. This observation is equivalent to the findings of Pradhan et al. (2001) . Unspoiled forest provides better shelter, food and safety from predators with sheltered movement (Dorji et al., 2011; Pradhan et al., 2001; Wei et al., 1999a) . Additionally, Bista et al. (2017a) ; Panthi et al. (2017; 2012) have indicated that undisturbed natural forest, is the ideal habitat for red pandas.
Conclusion
In general, our findings indicate that red panda prefers a less-disturbed habitat, albeit the impact of the variables mentioned above is different in different habitats. However, some variables manifested noticeable effects within and outside the PAs. Based on this revelation, a red panda-focused conservation program seems to be imperative on a national scale, though an area-specific conservation plan would be more efficacious, as the influence level of the recorded disturbance variables varies among sites, both within and outside the PAs. Similarly, we also recommend that pertinent conservation measures targeting these disturbance factors (with an emphasis on conservation awareness) be initiated as soon as possible in the entire habitat range. This step should be followed by a sustainable livelihood program focused on ending exploitation of forest resources, unregulated livestock herding and poaching. Designating walking trails and managing garbage within the panda habitat are equally important. In addition, restoration and re-planting at landslide sites should also be carried out, as such areas act as natural barriers to the movement for small mammals like red pandas. Linking isolated habitat patches through bio-bridges with the PAs and larger habitats would also be significant. Existing and new community forests could serve as the potential bio-bridges for maintaining habitat contiguity. This finding further underpins the need for communitybased conservation programs outside the PAs. Endorsement of the red panda-focused conservation measures in the operation plan of the Community Forest User Groups may be effective at the community level and could be further extended on larger scale through the creation of a special red panda conservation zone that ensures the conservation of a genetically viable population in the long run. As most of these disturbance factors are observed to be of an anthropogenic nature, an integrated conservation program comprising education, sustainable livelihood, and habitat management seems to be an exigency at this stage.
